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FOREWORD 


This  report  is  the  fourth  in  a  series  of  monthly  reports  prepared  in 
accordance  with  AFBM  Exhibit  58-1  and  submitted  in  partial  fulfillment  of 
Contract  AF  OU(69U)-212,  Supplemental  Agreement  No.  3. 

Direction  for  contract  performance  is  provided  by  C,  L,  D'Ooge,  Pro¬ 
gram  Manager j  Research  and  Advanced  Technology  Division,  Liquid  Rocket  Plant. 

The  contract  for  the  continuation  of  the  Product  Engineering  Program 
is  made  up  of  four  projects: 

Project  Title  Project  Engineer 

I.  Coated  Metallic  Thrust  Chambers  D.  G.  Harrington 

II.  Expandable  Nozzles  D.  M.  Green 

III.  Combviation  Instability  Scaling  F.  H.  Reardon 

Concepts 

IV.  Ablative  Thrust  Chamber  T.  A.  Hughes 

Feasibility 
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COATED  METALLIC  THRUST  CHAMBERS 


A.  INTRODUCTION 

1.  Purpose 

The  objective  of  this  project  is  to  develop  a  reliable  thermal 
barrier  capable  of  surface  temperature  operation  above  3300^  for  use  on  regener- 
atively-cooled  thrust  chambers  employing  N20|^/AeroZINE  50  propellants.  Thermal 
barrier  coatings  are  used  for  improving  liquid  rocket  engine  performance  through 
reductions  in  film-cooling  requirements. 

2.  Approaches 

The  development  of  the  thermal  barriers  will  be  accomplished 

through: 

a.  Full-scale  testing  of  coated  YLR91-AJ-5  thrust  chambers 
(Titan  II  second  stage)  at  fuel-fllm-coollng  flow  of  or  less. 

b.  Laboratory  thermal  shock,  thermal  conductivity,  erosion- 
corrosion,  and  metallographlc  testing. 

B.  PROGRBSS  DURING  REPORT  PERIOD 

1.  Full-Scale  Testing 

Although  chamber  2  had  been  scheduled  for  two  12-second  tests 
with  17.6^  film  cooling,  no  tests  were  conducted.  The  schedule  slippage  was 
caused  by  delays  in  both  fabrication  of  the  modified  coating  fixture  and  re¬ 
arrangement  of  the  laboratory  space  required  to  install  the  dust  collection 
system  to  the  coating  fixture.  Details  are  given  in  Paragraph  B,  3, 
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2.  Design 

The  design  drawings  were  con^letedo  A  fabrication  order  was 
prepared  to  modify  a  new  2SIN-0  injector  for  S%  fuel-film-cooling.  The  design 
includes  each  of  the  features  outlined  in  last  month's  progress  report  (Report 
212/SA  3“2.2-M-3). 

3.  Fabrication 

The  modifications  to  the  fuU-^scale  coating  fixture  were  com¬ 
pleted  and  the  laboratory  space  expanded  to  accommodate  a  dxist  collection  system. 
The  modifications  included  the  dust  collection  system^,  dust  covers' and  wiper 
scrapers  on  polished  shafts,  increased  straightline  run-out  on  the  cam,  new 
gear  reducers  for  the  rotation  and  feed  drives,  a  hi^er  horsepower  motor, 
reworked  remote  control  valves,  and  a  spacer  ring  to  allow  air  cooling  and 
protection  of  seal  grooves.  The  target  date  of  11  October  1963  for  completion 
of  the  modifications  and  enlargement  of  the  laboratory  space  was  not  met  be¬ 
cause  of  unforeseen  difficulties  in  scheduling  the  building  maintenance  per¬ 
sonnel  and  in  obtaining  the  proper  speed  range  on  tho  feed  drive  of  the  coating 
fixture.  On  30  October  1?63  the  installation  was  complete. 

Three  practice  coating  passes  were  made  on  a  scrap  chamber. 

V/hen  the  hydraiilic  fluid  in  the  system  reached  normal  operating  temperatures, 
it  was  found  that  the  minimum  speed  attainable  on  the  feed  drive  was  10  rpn 
with  a  5 si  gear  reducer,  whereas  the  maximum  speed  attainable  with  a  UOsl 
reducer  was  17  rpm.  The  speed  range  required  was  found  to  be  3  to  30  rpm 
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from  the  three  practice  runs  and  from  the  previous  ejqperience  \iihen  hand  control 
valves  were  used.  Since  those  were  the  only  two  speed  reducers  available  in  the 
plant,  the  required  speed  range  could  not  be  obtained.  A  rush  order  for  a 
13 il  reducer  was  placed.  In  the  meantime,  an  improvised  braking  method  to 
reduce  the  speed  of  the  3>1  reducer  system  will  be  employed  to  coat  chamber  2, 

Fabrication  of  chamber  3  is  expected  to  be  completed  l4 
November  1963.  Although  this  is  one  month  late,  the  chamber  could  not  have 
been  used  sooner  because  of  the  schedule  slippage  in  the  coating  of  chamber  2. 
Chamber  4  will  be  a  re-coated  chamber  1,  2  or  3>  Chamber  3  remains  an  schedule 
for  coating  on  17  March  1964. 

A  new  2SIH-0  injector  is  available  to  modify  for  5^  fuel- film- 
cooling.  Ccxnpletlon  is  scheduled  for  23  November  1963. 

4.  Laboratory  Testing 

Twelve  additional  thermal  shock  specimens  were  coated.  The 
composition,  thickness,  and  depcsiticm  parameters  for  these  coatings  are  given 
in  Table  I-l.  The  principal  variables  in  this  scries  are  molybdenum  primers 
vs  Nichrome  primers,  and  topcoats  of  Zr02-10W,*and  3OZr02- 

50ZrB2. 

Hstallogra^io  sxaminmtioa  was  nearly  completed  on  several 
of  the  thermal  shsek  speeimens  tested  last  month.  Preliminary  results  indicate 
that  the  tvimgsten  in  the  90Zr02-10W  is  cf  sudi  small  volume  and  non-uniform 
dispersion  that  its  presence  is  believed  to  be  of  little  benefit.  The 
73Zr02-23V  topcoats  appeared  somewhat  better,  but  still  not  as  uniform  as 

*  Weight  persent 
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desired.  Experiments  were  planned  to  determine  if  a  closer  spray  distance 
would  make  a  more  uniform  micros tructure.  The  microstructure  of  the  Th02-W 
coatings  appeared  more  attractive  than  the  Zr02-W  coatings. 

An  overall  .estimate  of  the  best  coating  to  test  on  chamber  2 
is  a  gradated  Nichrome-zirconla  base  with  a  topcoat  of  7^Zr02~2^.  This  is  a 
change  from  the  90Zr02-10W  topcoat  recommended  for  chamber  2  in  last  month’s 
report.  The  reasons  for  the  selection  change  are  both  micros true tural  appear¬ 
ance  and  good  thermal  shock  resistance  shown  by  specimens  117  and  122  which 
had  topcoats  of  75Zr02‘-2$W.  Also,  the  higher  percentage  of  tungsten  will  allow 
more  aeewrate  eralwation  of  the  tungsten  oxidation  rates  to  be  encountered  in 
the  full-scale  ehaisbers. 

Control  Studies 

Hm  current  contract  wue  conpletod  by  the  Pyreo  Division  of 
Anamet  Ihboratoriee  for  detemining  the  feasibility  of  non-destructively  measTirlng 
coating  thickness.  A  final  report  war  con^leted  9  October  I963.  The  study  In- 
elTxded  evaluation  of  ultrasonic,  beta  emission,  x*ray,  magnetic,  eddy  current, 
eapaeltanee,  resistanoe,  micrewuTs,  and  mechanical  means  for  determining  coating 
thlcknessae,  both  as  a  control  during  epraying  and  after  firings. 

Zt  was  concluded  by  lyrcc  that  the  eddy  current  technique  is 
the  best  method  availabls  for  the  ;)ob.  Accuracies  possible  were  estimated  to 
be  0.001  Inches  or  10^  of  the  coating  thickness,  ^ichever  is  greater.  The 
work  included  actual  calibrations  on  gradated  Nichrome-zirconia  plasma  sprayed 
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coatings  on  both  flat  and  tubular  specimens.  The  feasibility  was  further 
proved  by  meaiurenenti  taken  on  chamber  1  which  had  previously  been  coated 
and  fired  three  timea. 

1  per the ee  refuisitlen  is  being  processed  for  a  follow-on 
contract  which  vill  preside  l«re  jat^jMeral  by  15  January  196li  with  a  eemplete 
package  of  the  aee««#ary  eQolsmnt,  sslttestian  data*  and  instruetlens  for 
measuring  eeatifig  thichiMta  by  th#  eddy  currant  tachnlqan* 

In  erdat  aaa  plaotd  for  5  lb  of  tungstsn^eeatsd  thoria. 
Cemparsd  to  tha  aatttod  af  atJtlni  pouidara  in  thn  apny  feeder,  this  material 
should  provide  aheaUant  eonpotltion  and  aderoatruetura  control. 

c.  am  KBPC&T  iSBioD 

Chewber  t  all!  be  coated  with  gradetetf  liehrome-sireonla  with  a 
75ZrO^-2^  topcoat,  five  taata  of  12*seeond  duration  with  17.6^  fuel  film 
cooling  will  be  made  on  ehtaber  2.  If  the  eoetlng  is  Intact  after  these 
tests,  firings  with  filn  cooling  will  bo  made. 

The  aedifioatiene  of  injeetor  2  for  $%  film  cooling  will  be  com¬ 
pleted  . 

Fabrication  of  chamber  3  will  be  completed. 

Idditiofiel  themml  ehoek  specimens  will  be  coated  and  tested  for 
eruluatiof)  of  ceatinge  for  ehanber  3> 

Ibble  I-I  is  a  schedule  of  tasks  for  the  coated  metallic  thrust 
chamber  program. 

4(Wei^t  percent 
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CX3ATBD  METALLIC  THRUST  CHAMBER  MILEPOST  CHART 


TABLE  1-2  (cont.) 


II.  EXFANDAEIE  N0ZZ1£S 


A.  INTRODUCTION 

1.  Purpoae 

The  pwpoae  of  thla  project  is  to  derelop  and  teat  high  expansion 
ratio  expandable  nossle  cones  for  rocket  propulsion  systems. 

2.  Appreaeh 

The  ps’Ofrsn  ebjec  tires  vill  be  aeeemplished  by  a  three-phaae 
(design^  fabrieaties  m4  empeainebtal)  effort.  Vbrk  vill  bo  dirooted  to  simulate 
the  operational  nesile  eeaditioas  of  tlM  Titat  XX  seeondl>atage  engine  vith  both 
metallie  and  neft-AetalJlle  tosile  oi^aiea  eeaa  skirt  ertonsions.  nirast  vec¬ 
toring  and  internal  gar  dynude  oontfitiear  vill  be  investigated  atilising  a 
bi-propellant  llgnld  reeket  oagtna  (12*00^X1  tkrest)  aeented  on  a  melti-axia 
thrust  stand.  1  eertee  of  fltgUt  nimlatien  taste  in  a  vlnd  tennal  vill  be 
conduetod  vith  seele  aodsle  using  earioes  forobogy  akafes. 

1.  yiOORESS  OOIOM  isrosx  ibbigd 

1.  Ihooretlcal  and  Paalsn  gnstneorlng 

Final  nodifieationv  are  being  sindo  to  tko  boat  transfer  com- 
putor  program.  This  program  vill  bo  toady  for  llAitod  use  early  in  November. 

ill  teat  bardvare  and  eq,u4*ient  bar  been  designed  and  released 
drawings  ars  available. 

2.  Fabrication 

Six  Lark  nozzles  are  being  fabricated  of  URL  material  for 
deployment  and  structural  evaluation. 
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All  hardware,  nozzles  and  throat  inserts  have  been  con^leted 
and  delivered  to  the  Azusa  proving  grounds  for  the  12K  TVC  test  series. 

Fabrication  of  the  non-metallic  AEDC  Titan  ZI  aesond-stage  ex¬ 
pandable  nozzles  was  initiated.  Delivery  of  the  first  unit  is  e]q;>eeted  to  be  in 
mid-December.  The  310  stainless  steel  has  been  ordered  for  the  laetallie  AEDC 
expandable  nozzle. 

For  the  JPL  wind  tunnel  pregraii,  the  ayate  flan*  aodel  and 
mount  were  con^leted.  The  Venus  and  Titan  seeena-eiafe  aedels  are  appraadnately 
50^  completed.  The  expandable  nosslea  for  the  vlh#  teaael  teat  tefiaa  are  cur¬ 
rently  being  electro-formed.  All  hardware  will  he  eeapleted  in  add-lev«aber. 

3.  Testing 

a.  Lark 

Five  material  teeta  vete  eeedasted  en  aasie  layheatoa- 
Manhatten  furnished  nosslea,  hut  as  yet  te  redaeed  tala  aae  a'vailahle. 

b.  12K  TVC 

Repairs  have  heea  oaaa^^  halt  that  was 

damaged  during  the  initial  check-out  eerie*.  All  tapt  aeseiee  ead  efttipaient 
have  been  delivered  and  testing  will  he  retted  derthf  WaUMihef . 

c.  Titan  IZ  Seeond-^tace  ADC  teeU 

A  preliminary  detail  test  plat  (tahle  &»l)  was  given 

to  the  AEDC  J-U  program  office  for  the  expandable  aossle  series.  Before  this 
series  is  begun,  a  short  test  stand  shakedown  series  of  four  to  six  firings 
of  the  thrust  chamber  assembly  will  be  conducted  without  expandable  nozzles. 
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d.  Wind  Tunnel  Testa 

All  prelijiiinary  preparations  have  been  completed  for  the 
first  wind  tvinnel  tests  on  the  apace«plane  t/pe  vehicle.  These  tests  are 
scheduled  for  21  November  1963  in  the  21-ineh  hjnpersonic  cell  at  JFL. 

C.  NEXT  REPORT  PERIOD 

Fabrication  of  the  Lark  and  Titan  elsed  noezles  vill  be  continued. 
Lark,  12K  TVC,  and  wind  tunnel  teste  vill  be  conducted. 

Buildup  at  AEDC  will  be  initiated. 

The  program  plan  is  shown  in  Table  II-2. 
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AEDC  J-U  TEST  SCHEDTJIE 


Minimum 

Test  Nozzle  Area  Altitude  Duration 


No. 

(psla) 

Mat'l 

Ratio 

(ft) 

(sec) 

Type  of  Teat  (N2  Pressurant) 

1 

820 

Rut 

)ber 

75:1 

70,000 

10 

Nozzle  fully  expanded  when 

i 

fired .  Deployment  tubes 
pressurized  to  50  psla. 

2 

15 

Nozzle  deployment  with  en- 

1 

gine  firing.  Tube  pressure 
50  to  60  peia. 

3 

\ 

\ 

15 

Nozzle  deployment  with  en- 

1 

gine  firing.  Tube  pressure 
70  to  80  psU. 

k 

i 

100:1 

77,000 

10 

Nozzle  i>illj  expanded  when 

! 

\ 

; 

i 

fired.  Tube  pressure  50 
psla. 

5 

1 

1 

15 

Nozzle  deployzMnt  with  en- 

( 

gine  firing.  Tube  pressure 
60  to  70  psU. 

6 

1 

15 

Nozzle  deploySMint  with  en- 

gine  firing.  Tube  pressure 
UO  to  50  psla. 

7 

1 

1 

150:1 

87,000 

10 

Nozzle  fully  expanded  when 

1 

1 

j 

i 

fired.  Tube  pressure  50 
psla. 

8 

i 

I 

1 

15 

Nozzle  deployment  with  en- 

1 

1 

i 

gine  firing.  Tube  pressure 

50  to  60  psla. 

9 

/ 

' 

- 

U5 

Nozzle  fully  expanded  when 

fired.  Tube  pretiure  varied 
during  run.  Start  at  60 
psia,  drop  pressure  b/  hand 
5  lb  at  5  sec  Intervals  un¬ 
til  nozzle  becomes  unstable. 


lABIE  II-l  (cont.) 


Test 

No. 

Pc 

(psia) 

Nozzle 

Mat'l 

Area 

Ratio 

Minimum 

Altitude 

(ft) 

10 

500 

310  S.S. 

75:1 

77,000 

11 

75:1 

77,000 

12 

100:1 

86,000 

13 

100:1 

86,000 

lii 

550 

i 

75:1 

77,000 

15 

550 

4/ 

100:1 

85,000 

16 

Duration 


sec) 

Type  of  Test  (Ng  Preasurant) 

15 

Nozzle  deployment. 

U5 

Nozzle  deployment. 

15 

Nozzle  deployment. 

hS 

Nozzle  deployment. 

30 

Nozzle  deployment. 

30 

Nozzle  deployment. 

- 

Repeat  test  to  be  deter¬ 
mined. 

TABLE  I I -2 


III.  COMBUSTION  INSTABILirr  SCALING  CONCEPTS 


A.  INTRODUCTION 

1.  Purpose 

The  eombuation  instability  project  is  directed  toward  estab¬ 
lishing  the  applleahllity  of  subseale  longitudinal  mode  stability  testing  to  the 
prediction  of  the  stability  of  all  modes  in  large  liquid  rocket  engines.  The 
experimental  technique  undof  leTostigation  has  been  demonstrated  previously  on 
a  laboratory  scale  in  llJtited  testing.  The  primary  tool  is  a  variable  length 
thrust  chamber  assembly.  Both  the  theoretical  approach  and  the  experimental 
apparatus  have  been  deaetibed  in  detail  in  previous  monthly  progress  reports. 

B.  PROGRESS  SURSR  TBI  IBPORT  RRZOD 

1.  Design 

The  final  design  ef  nearly  all  parts  has  been  completed.  Ihe 
only  exceptions  are  the  eihawit  nessle,  rear  injector  support,  and  the  Klstler 
small-passage  transdueev  asseably.  All  design  work  on  the  nozzle  and  injector 
support  has  been  completed;  only  the  final  working  drawings  remain  to  be  made. 
The  transducer  design  hat  heen  delayed  pending  receipt  of  the  passage  configu¬ 
ration  dimensions  from  Princeton  University.  iMs  information  is  expected  in 
the  very  near  future.  No  program  slippage  is  expected. 

2.  Fabrication 

Fabrication  of  all  designed  components  has  been  Initiated 
and  is  proceeding  according  to  schedule. 
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3.  Theoretical  Calculations 

Calculation  of  prellMnary  theoretical  instability  zones 
has  been  delayed  due  to  some  uncertainties  in  the  values  of  the  nozzle  ad¬ 
mittance  coefficient  calculated  by  a  new  digital  computer  program.  The  nozzle 
admitta|ice  coefficient  describes  mathematically  the  effect  of  the  exhaust 
nozzle  on  oscillations  in  the  combustion  chamber.  The  difficulties  have  been 
resolved  and  the  calculations  of  theoretical  instability  zones  are  continuing. 
Because  the  axial  distribution  of  combustion  enters  the  calculation  in  a  very 
significant  fashion,  final  instability  zones,  used  for  deducing  valties  of  the 
combustion  parameters  and  ,  cannot  be  determined  until  the  initial  com¬ 
bustion  distribution  tests  have  been  made. 


C.  NEXT  REPORT  PERIOD 

Fabrication  of  thrust  chamber  components  will  continue.  Pro¬ 
cedures  for  determining  theoretical  instability  zones  from  combustion  dis¬ 
tribution  test  data  will  be  developed.  Calculation  of  preliminary  instability 
zones  will  be  completed. 

The  milepost  chart  for  this  project  is  shown  in  Table  III-l. 
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CCHBUSXECN  IHSTABILIT!(  SCALING  CONCQTB 

PHASE  I 
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A. 
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B. 
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1. 
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2. 
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C. 
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1. 
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3. 
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U. 
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Thrust  Chamber  Collated 

3. 
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c 

1. 

Calculation  of  Theoretical 
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2. 
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Theoretical  Zones  and  Test  Results 

4-MltlNT  KHCDULC  MTC  A  -  ACCOMPLISHC  0 

^-POTCNTIAL  CHAMte  IN  SCHCOULE  ^  -  NNCVIOU9  SCHCOUte  I 


TABLE  III-1 

'  SCALING  CDNCEPTS  MILEPOST  CHART 


ABUTIVE  THRUST  CHAMBERS 


n. 

A.  INTRODUCTION 

1.  Purpose 

!nie  purpose  of  this  project  is  to  demonstrate  the  feasibility  . 
of  large  ablatively-cooled  thrust  chambers  for  high  performance  liquid  rocket 
engines  operating  at  chamber  pressures  up  to  300  psia  for  extended  durations. 

[the  ablative  chambers  viU  employ  the  cenqpression-molded  building  block  con¬ 
cept. 

2.  Approaches 

Six  thrust  ehambera  fabricated  under  Contract  KF  OU(6U7)-652/ 
SA  33  will  be  used  vith  injectors  devoleped  under  the  Apollo  Service  Module  En¬ 
gine  Program  (Contract  NAS  9-*-l$0).  A  water-cooled  transition  will  be  used  to 
adapt  the  injector  to  the  ablative  chambers,  idiich  havo  a  Titan  II  second-stage 
configuration.  The  thrust  chanbers  are  described  in  detail  in  Volume  I  of  the 
final  report  for  Contract  AF  Qi»(6m)-6!^2/SA  33^^^,  and  are  briefly  described 
in  Report  212/SA  3>2. 2*11-1  of  the  current  series  of  monthly  progress  reports. 

B.  PROQRESS  SURINa  THE  KBPOR7  FERIQD 

!•  Transition  Section 

Fabrication  was  approximately  completed  during  the  re¬ 
port  period.  A  one  to  two-week  delay  is  anticipated  in  meeting  the  originally 
scheduled  completion  date  because  of  a  delay  in  delivery  of  material  and  a 
heavy  demand  on  brazing  furnace  time.  This  delay  will  not  significantly  affect 
the  overall  schedule. 

(1)  BSD-TDR-63-118,  "Ablative  Thrust  Chamber  Feasibility,"  28  June  1963 . 
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IV,  B,  Progress  During  the  Report  Period  (cont.) 


2.  Injector 

Final  selection  of  the  injector  to  be  used  in  the  firing 
tests  has  not  yet  been  made.  Two  stainless  steel  injectors  (S/N  AT-6,  AT-3) 
used  in  the  early  Apollo  service  module  engine  tests  will  be  shipped  from 
Azusa  to  Sacramento  in  order  that  their  physical  condition  may  be  assessed. 

The  amount  of  reconditioning  required  (if  any)  will  determine  the  firing  dates, 
and  will  have  an  influence  on  selection  of  a  specific  injector. 

3.  Ablative  Chambers 

Five  chambers  are  complete  and  ready  for  firing  tests. 
Fabrication  of  the  sixth  and  last  chamber  has  been  temporarily  delayed  as  the 
steel  shell  distorted  in  stress-relieving  after  welding.  The  flanges  have 
been  cut  from  this  shell  and  will  be  welded  to  a  new  center  body  after  it  is 
rolled  and  welded. 

li.  Injector  Heat  Transfer  and  Stress  Analysis 

The  analysis  of  the  modified  stainless  steel  Apollo  injectors 
is  underway.  The  results  are  too  incomplete  for  incorporation  in  the  cia-rent 
report. 

C.  NEXT  REPORT  PERIOD 

Fabrication  of  the  sixth  chamber  will  be  completed.  The  Injectors 
will  be  inspected  and  the  selection  made.  The  thermal  and  stress  analysis  of 
the  Injector  will  be  completed  and  evaluated  along  with  the  physical  condition 
of  the  injectors,  l^on  approval  of  the  proposed  firing  parameters  by  the 
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TV,  C,  Next  Report  Period  (cont.) 


Rocket  Propulsion  Laboratory,  the  preliminary  test  request  to  the  test  area 
will  be  superseded  by  a  specific  test  request. 

The  program  schedule  is  presented  in  Table  IV-1. 
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V. 


FROQRAM  REPORTim 


liatad  in  Table  V-1  la  the  achedule  for  contract  reporta. 
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